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GENETIC FACTORS have been identified as playing an important role in many physiological processes, especially those involved in cardiovascular control (5, 10, 34, 46, 57) . Heart rate (HR) variability (HRV), defined as the variation in the interval between consecutive heart beats, is modulated by the autonomic nervous system and is an indicator of clinically relevant cardiovascular phenotypes. Reduced HRV is an independent predictor of cardiac disease and cardiac mortality (3, 14, 15, 23, 27, 33, 40, 51) . The primary explanation for this predictive effect is that reduced HRV reflects a shift in the cardiac sympathovagal balance from parasympathetic to sympathetic control over the autonomic nervous system (35, 45) . Vigilance state and endogenous circadian phase are major modulators of the autonomic nervous system. Sympathetic activity is higher during wakefulness than sleep, and, within sleep, the sympathetic contribution is greater in rapid eye movement (REM) sleep than in deep non-REM (NREM) sleep (7, 56) . During continuous wakefulness under controlled behavioural conditions, HRV is not constant but varies with circadian phase such that global HRV is greatest in the early morning hours (25, 30, 32, 44, 52, 53) . The impact of sleep, wakefulness, and circadian phase on autonomic control of HRV is also of interest because the frequency of onset of acute myocardial infarctions shows a marked circadian variation. Understanding the sources of individual differences in HRV and how these relate to interindividual differences in sleep and circadian physiology may increase the diagnostic use of HRV and may provide new avenues for preventive therapy.
Recently, we characterized the effects of a variable number tandem repeat (VNTR) polymorphism in the coding region of the circadian clock gene PERIOD3 (PER3) on sleep structure and the circadian modulation of waking performance during acute sleep deprivation (55) . Those homozygous for the PER3 allele with five repeats (PER3 5/5 ) displayed more slow-wave sleep (SWS) and enhanced slow wave activity (SWA; i.e., EEG power density in the range of 0.75-4.5 Hz during NREM sleep). In addition, PER3 5/5 subjects, compared with those homozygous for the short, four-repeat allele (PER3 4/4 ), showed an increase in slow eye movements and theta activity during wakefulness, two markers of sleepiness and inattention (11) , and a decline in waking performance, in particular during the early morning hours after sleep deprivation.
These physiological alterations in PER3 5/5 subjects are very similar to those observed in chronically sleep-deprived individuals (8) and are likely to involve the autonomic nervous system (16, 48, 60) . Previous studies have shown that sleep deprivation induces a reduction of HRV and an increase in sympathetic activity, which are predictors of cardiovascular events (60) . Under baseline conditions, SWS and SWA are associated with a reduced sympathovagal balance (2, 7, 59) . Decrements in alertness and cognition are associated with a decrease in parasympathetic activity, suggesting that cardiac autonomic variation could be one of several potential mechanisms involved in the regulation of cognitive performance (6, 31) .
The associations between sleep, sleep deprivation, and autonomic cardiac control and the effects of this polymorphism on sleep and circadian modulation of waking performance led us to hypothesize that this polymorphism may be a marker for individual differences in the autonomic nervous system. The aim of the present study was to assess whether the PER3 polymorphism predicts differences in autonomic cardiac control and its interaction with vigilance state and circadian phase. Autonomic cardiac control was estimated by HRV indexes during polysomnographically recorded baseline sleep as well as during sleep deprivation and subsequent recovery sleep.
METHODS
This study is based on the same experimental protocol and study participants described in a previous publication (55) . Those methods germane to this study are reproduced below.
Participants. Participants gave written informed consent to participate in this study, which was favorably reviewed by the University of Surrey Ethics Committee. Four hundred and four subjects (aged between 20 and 35 yr) were genotyped. Individuals provided buccal swab samples from which genomic DNA was extracted using the QuickExtract system (Epicentre Biotechnologies, Madison, WI). Genotyping was performed using PCR as previously described (1). Ten healthy PER3 5/5 subjects and fourteen healthy PER3 4/4 subjects completed the laboratory study. All participants were free from medication and nonsmokers. Participants were not suffering from any recent acute or chronic illness. All subjects selected for this study were healthy individuals with no history of cardiovascular disease, and all underwent a thorough physical examination and blood screening, which included medical questionnaires, hematology, serology, and biochemistry to exclude diseases of somatic origin, including possible cardiovascular diseases. This was also confirmed by the subjects' general practioners. Of the 24 subjects, 2 subjects (one genotyped PER3 4/4 and one genotyped PER3 5/5 ) could not be included in the analysis (spectral analysis and/or ECG recording) because of poor quality of recordings. The analyses presented in this study are therefore based on 13 PER3 4/4 and 9 PER3 5/5 subjects. It should be emphasized that the study participants were recruited primarily on the basis of their genotype. No prescreening was carried out with respect to sleep preference or sleep-wake timing. However, subjects who needed to stay awake during the night due to professional or social reasons (e.g., shift workers) were excluded. Hence, all subjects had normal sleep-wake patterns, which implies regular wake and sleep episodes in relation with the day/night cycle. This enabled investigation into whether the PER3 polymorphism can lead to changes in sleep structure, autonomic nervous system control, and so forth.
Protocol. Participants wore actiwatches (wrist-worn Actiwatch L, Cambridge Neurotechnology, Cambridge, UK) and completed sleep diaries for ϳ3 wk before the laboratory study. After 2 wk, the sleep diary and actigraphy data were analyzed to characterize the habitual sleep-wake cycle in each participant. Participants were then instructed to adhere strictly to their average habitual sleep time for 1 wk before the laboratory study.
During the laboratory study, circadian and homeostatic aspects of sleep and cardiac regulation were quantified under baseline conditions, during ϳ40 h of sleep deprivation under constant routine (CR) conditions, and during a subsequent recovery sleep.
Polysomnographic (PSG) recordings were obtained for the duration of the 4-day intensive physiological monitoring study. Eight EEGs (F1, C3, P3, and O1 vs. A2 and F2, C4, P4, and O2 vs. A1), electroocculogram (EOG), and electromyogram were recorded with a sampling frequency of 256 Hz using Siesta PSG units (Compumedics, Abbotsford, Victoria, Australia). The sleep analysis involved visual scoring on a 30-s epoch basis using standardized criteria (43) and spectral analysis of the sleep EEG (50) .
The first night served as a habituation to the laboratory, and bed and wake times were scheduled according to each individual's habitual sleep time. The second night served as the baseline sleep episode, which was also scheduled according to the individual's habitual sleep schedule. After the baseline sleep episode, participants were kept awake under constant routine (CR) conditions for the duration of the habitual waking period, sleep period, and following wake period, i.e., ϳ40 h. After the CR, volunteers went to bed in the laboratory at their habitual bedtime for a recovery sleep episode of 12 h. During the baseline and recovery sleep episodes, participants were in total darkness. Before the baseline night and after the recovery night, participants were exposed to typical indoor lighting. After the baseline sleep episode, participants were exposed to dim light (Ͻ5 lux at eye level) throughout the entire CR.
CR. The CR protocol has previously been used to asses the circadian regulation of autonomic control of the heart (26, 53) . It serves to verify endogenous circadian rhythms by either removing masking effects or distributing masking effects uniformly over the study period (18) . The light-dark cycle is replaced by constant dim light (Ͻ5 lux at eye level), and the masking effects of the sleep-wake cycle as well as associated changes in posture and activity levels are removed by keeping the participants awake in a semirecumbent posture in bed during ϳ40 h with a constant temperature at 18 Ϯ 0.5°C. To asses the rhythm of plasma melatonin, which is a reliable circadian phase marker, an indwelling cannula was inserted into a forearm vein at the beginning of the 40-h period.
Wakefulness was verified by continuous EEG and EOG recordings. During the CR, subjects received hourly nutritional drinks as a substitute to main meals to meet their caloric demand, which was calculated for each subject using the Harris-Benedict formula with an activity factor of 1.3 (24) . The substitute nutritional drink (Fortisip, Nutricia, Wilts, UK) consisted of 35% fat, 49% carbohydrate, and 16% protein. Subjects also drank up to 4 liters of additional water per 24-h period.
HR and HRV. A two-derivation ECG was recorded throughout the 5-day laboratory study. R-R intervals, i.e., the length of time between the R peaks of consecutive QRS complexes, were calculated, and all traces were visually checked for artifacts by an investigator (A. U. Viola). The R wave peak detection and R-R signal were analyzed by Darwin software (Medilog Huntleigh Healthcare, Oxford Instruments). The R wave detection was confirmed and corrected visually by an investigator with relevant expertise (A. U. Viola). Occasional ectopic beats were identified and replaced with interpolated R-R interval data. Thoracic and abdominal movements were recorded using piezo sensor bands. All data acquisition and postacquisition analyses were carried out in accordance with established standards, including those put forth by the Task Force on HRV Interpretation (49) .To align the HRV data with sleep stages and avoid excluding large sections of the recording contaminated by movement artifacts during wakefulness, we used a sampling period of 2.5 min for HRV estimation (12, 19) , in accordance with the recommendations of the Task Force on HRV Interpretation. Power densities in the lowfrequency (LF) band (0.04 -0.15 Hz) and in the high-frequency (HF) band (0.15-0.50 Hz) were calculated for each 2.5-min segment by integrating the spectral power density in the respective frequency bands. Absolute and normalized power spectra and derived measures (i.e., LF and HF) were considered and used as indicators of sympathetic and parasympathetic activity, respectively. Moreover, the LFto-(LF ϩ HF) ratio [LF/(LF ϩ HF) ratio] was used as an index of sympathovagal balance. The SD of normal R-R intervals (SDNN) was computed as a global indicator of the overall HRV for each 2.5-min segment. Even though the SDNN does not directly relate to parasympathetic or sympathetic activity, it directly illustrates R-R variation. The root mean square SD (RMSSD) and the percentage of the number of times consecutive normal sinus (NN) intervals exceeded 50 ms (pNN50) were also computed for each 2.5-min segment and are considered markers of parasympathetic activity. The indexes selected are those most commonly used in the analysis of HRV.
For baseline and recovery sleep episode analyses, values were considered from sleep onset (sleep stage 2). To include all participants in mean profiles of HRV indexes during wakefulness, and to exclude unstable periods, ϳ4 h at the beginning and the 4 h at the end of the CR were excluded from analyses. The recovery sleep episode was restricted to the duration of the baseline sleep episode for comparisons between the two conditions. Time course analyses of HRV within and across NREM-REM cycles were based on four complete NREM-REM sleep cycles during baseline sleep and six during recovery sleep. To establish HRV profiles, individual differences in the occurrence and duration of sleep stages were normalized according to an established method (17) . In short, for each individual, the unequal time spent in NREM and REM sleep episodes were subdivided into percentiles so that HRV data could be averaged over subjects.
To illustrate the circadian variation in HR and HRV indexes (Fig. 1 ), all data were aligned with respect to the melatonin midpoint, which was defined as the midpoint between the upward and downward mean crossing (58) . To assess the presence of circadian rhythmicity, and to quantify amplitude and phase, each individual time series, plotted relative to clock time, was considered to be rhythmic if the 95% confidence interval of the estimated amplitude of a sine wave with a circadian period of 24.2 h did not include 0. We chose 24.2 h because in humans the intrinsic circadian period is very tightly distributed around this value (13) .
Using PROC NLIN (SAS version 9.1, SAS Institute, Cary, NC), data were fitted to the following function: Value(sample t i) ϭ mesor ϩ amplitude ϫ sin[(sample ti Ϫ phase)/24.2], in which the mesor, amplitude, and phase were free parameters, ti represents the clock time at which a sample was collected, and value represents the HRV measure being assessed.
Statistical analysis. All statistical analyses were performed with SAS version 9.1. Comparisons of repeated measures between genotypes were made with mixed-model ANOVA for repeated measures (PROC MIXED). Genotype as well as time were factors in all analyses. Contrasts were assessed with the LSMEANS statement. All P values were based on Kenward-Roger's corrected degrees of freedom (29) .
RESULTS
Reported results were based on data from 13 PER3 4/4 subjects (5 women and 9 men, age Ϯ SE: 24.2 Ϯ 0.9 yr, and body mass index Ϯ SE: 21.7 Ϯ 0.4 m/kg 2 ) and 9 PER3 5/5 subjects (3 women and 6 men, age Ϯ SE: 25.3 Ϯ 1.3 yr, body mass index Ϯ SE: 22.2 Ϯ 0.6 m/kg 2 ). Full details of sleep characteristics and alertness during sleep deprivation in the two genotypes have been reported elsewhere (55) .
Endogenous circadian rhythm in HR and HRV variables. As shown in Table 1 , circadian variation was significant in 19 of 22 subjects for HR, in 16 of 22 subjects for SDNN, and in 12 of the 22 subjects for the LF/(LF ϩ HF) ratio. The fitted maximum of the circadian rhythm in HR was located in the late afternoon. The maxima of the circadian rhythm in global variability, i.e., SDNN, was located at approximately 06:30 AM, and the maximum of the LF/(LF ϩ HF) ratio was located between 03:00 and 05:00 AM. The two genotypes did not differ in amplitude or phase of these rhythms.
Time course of HRV indexes during baseline and recovery sleep and while awake during the CR. Temporal profiles in HR, SDNN, and the LF/(LF ϩ HF) ratio obtained for baseline sleep, the approximate 40-h period of wakefulness, and the recovery sleep episode are shown in Fig. 1 . ANOVA during baseline sleep showed that PER3 5/5 individuals displayed significantly lower SDNN (P ϭ 0.04) and a higher LF/(LF ϩ HF) ratio (P ϭ 0.002). The effects of the PER3 polymorphism on SDNN and the LF/(LF ϩ HF) ratio persisted during wakefulness. The PER3 polymorphism also had a significant effect on SDNN (P ϭ 0.03) and a strong trend toward significance on the LF/(LF ϩ HF) ratio (P ϭ 0.051) during recovery sleep. In contrast to these measures of HRV, HR showed no difference between the two genotypes throughout the study.
Effects of sleep and sleep deprivation on HRV indexes. The averages for HR, SDNN, RMSSD, pNN50, and LF/(LF ϩ HF) Fig. 1 . Effect of PERIOD3 gene (PER3) polymorphism during baseline sleep, diurnal wake, nocturnal wake, sleep-deprived diurnal wake, and recovery sleep on heart rate (HR) and two measures of HR variability {SD of normal R-R intervals (SDNN) and low frequency-to-low frequency ϩ high frequency power ratio [LF/ (LF ϩ HF) ratio]}. The three wake periods are plotted relative to the timing of the plasma melatonin rhythm in 9 PER3 5/5 (thick solid line) and 13 PER3 4/4 (thin solid line) homozygotes. P values shown in the left, middle, and right indicate a significant effect of genotype, as assessed by ANOVA, during baseline sleep, wakefulness (i.e., diurnal wake, nocturnal wake and diurnal wake, sleep deprived) and recovery sleep, respectively. Data are plotted with a 10-min resolution and represent the average of four 2.5-min periods each. Error bars represent SEs. ratio during baseline sleep, wakefulness during the CR (on day 1, night 1, and day 2), and recovery sleep are shown in Table 2 . Sleep, compared with wakefulness, was associated with a reduction in HR, SDNN, and the LF/(LF ϩ HF) ratio and an increase in RMSSD and pNN50. The contrast between baseline sleep and nocturnal wake showed a significant increase in HR and the LF/(LF ϩ HF) ratio and a significant decrease in SDNN, RMSSD, and pNN50. Sleep deprivation had a significant effect on all HRV indexes in both genotypes. The contrast between baseline and recovery sleep showed a reduction in RMSSD and pNN50 and an increase in SDNN and LF/(LF ϩ HF) ratio during recovery sleep. This sleep deprivation effect was also seen during wakefulness, where the contrast between diurnal wake at baseline and diurnal wake while sleep deprived showed a significant decrease in pNN50 and a trend toward an decrease in RMSSD and an increase in the LF/(LF ϩ HF) ratio. HR was affected significantly only by vigilance state, i.e., sleep versus wakefulness, and not by sleep deprivation.
Genotype-and sleep stage-dependent variations in HRV indexes during baseline and recovery sleep. Analysis of the effect of genotype and sleep stage during baseline (Table 3) revealed that both genotype and sleep stage had significant effects on HRV indexes. pNN50 was significantly lower and the LF/(LF ϩ HF) ratio was significantly higher in the PER3 5/5 group compared with the PER3 4/4 group, but only so in NREM sleep.
Sleep stage had a significant effect on SDNN (P ϭ 0.01) and the LF/(LF ϩ HF) ratio (P Ͻ 0.0001) when analyzed for the two genotypes combined. Within each genotype, sleep stage also had an effect, such that SDNN and the LF/(LF ϩ HF) ratio were higher during REM than NREM sleep for both genotypes. In the PER3 4/4 subjects, pNN50 was lower during REM sleep than NREM sleep, but this did not reach statistical significance (P ϭ 0.06).
These sleep stage associations were also observed during the recovery sleep episode.
HR (means Ϯ SE; NREM: 59.76 Ϯ 1.71 and REM: 64.60 Ϯ 1.71, P ϭ 0.05), SDNN (NREM: 52.10 Ϯ 3.25 and REM: 72.40 Ϯ 5.29, P ϭ 0.002), and the LF/(LF ϩ HF) ratio (NREM: 0.72 Ϯ 0.02 and REM: 0.84 Ϯ 0.03, P ϭ 0.004) were higher during REM than NREM. However, no significant differences were observed between the two genotypes.
Normalizing the individual NREM-REM cycles allowed their influence on HRV profiles to be characterized. PER3, PERIOD3 gene; HR, heart rate; SDNN, SD of normal R-R intervals; LF/(LF ϩ HF) ratio, low frequency-to-low frequency ϩ high frequency ratio. shows mean Ϯ SE time courses of SWA and the LF/(LF ϩ HF) ratio during the baseline and recovery sleep episodes. SWA dynamics displayed the well-known ultradian rhythmicity, with high SWA during NREM sleep and low SWA during REM sleep and the decline over consecutive NREM episodes.
The NREM-REM cycle was associated with a low LF/(LF ϩ HF) ratio during NREM sleep and high sympathetic predominance during REM. In the first NREM episode of baseline sleep, PER3 5/5 individuals had more SWA and a higher LF/ (LF ϩ HF) ratio than PER3 4/4 individuals. Although the differences in SWA between the genotypes dissipated over subsequent NREM episodes, the difference in the LF/(LF ϩ HF) ratio became more pronounced. Whereas in PER3 4/4 individuals the LF/(LF ϩ HF) ratio continued to display the typical decline during NREM episodes, this decline was absent in PER3 5/5 individuals. After sleep deprivation, SWA was enhanced in both genotypes, particularly at the beginning of the recovery sleep episode. Surprisingly, this increase in SWA was not accompanied by a reduction in the LF/(LF ϩ HF) ratio in recovery sleep relative to baseline sleep in either genotype. However, the LF/(LF ϩ HF) ratio was lower in PER3 4/4 than PER3 5/5 individuals in the first NREM episode. In subsequent NREM episodes of the recovery sleep, modulation of the LF/(LF ϩ HF) ratio over NREM-REM cycles became smaller in both genotypes and resembled the pattern of PER3 5/5 individuals during baseline. Averaging these data for NREM and REM sleep separately for each NREM-REM cycle (Fig. 3 ) demonstrated that SWA was significantly higher in PER3 5/5 individuals during the first cycle for baseline. The LF/(LF ϩ HF) ratio was also significantly higher in this group, an effect that persisted throughout the baseline night and for the first NREM-REM sleep cycle during the recovery night.
DISCUSSION
These data show that acute sleep deprivation leads to a greater sympathetic influence on the autonomic control of the heart. This effect is more pronounced during sleep than wakefulness. Individuals homozygous for the longer PER3 allele have less global variability in HR, as indicated by a lower Values are means Ϯ SE. REM, rapid eye movement; NREM, non-REM. SDNN and less parasympathetic activity. This is also seen from the pNN50 as well as a greater sympathetic predominance on autonomic nervous system control compared with those homozygous for the shorter PER3 allele, in particular during NREM sleep. Because these parameters have previously been associated with adverse cardiovascular events (28, 36) , these data indicate that sleep loss may increase cardiovascular vulnerability, for which the PER3 polymorphism may be a genetic marker. The circadian variation of HR and HRV indexes during wakefulness, as observed during the CR, is very similar to that described by others. The maximum of the circadian rhythm of HR was located in the late afternoon, in accordance with previous studies (9, 26, 53, 56) . The maximum global variability in the early morning hours (approximately 6:30 AM) has also been reported in other studies (53, 56) . These data confirm the profound impact of the circadian timing system on autonomic control of the heart. We did not observe a major effect of the PER3 polymorphism on either the amplitude or timing of these circadian rhythms. Thus, and in accordance with previous assessments of markers of circadian phase (55), the PER3 polymorphism does not appear to affect circadian timing of HR variables during wakefulness, even though circadian phase modulated HR and HRV.
The effect of sleep and sleep stage on HR and HRV indexes, which has previously been shown to be considerable (2, 41, 59) , was also observed in the present study. Autonomic balance varies in synchrony with the NREM-REM cycle. Detailed analyses of the influence of NREM and REM sleep confirmed that the sympathovagal balance shifts toward parasympathetic dominance during NREM sleep and toward sympathetic dominance during REM sleep. In accordance with previous studies (7, 37, 47) , the time course of sympathovagal balance within and across NREM-REM cycles follows the time course of SWA. This balance is shifted most toward parasympathetic dominance in the second half of the first NREM episode, when SWA is at its maximum. This parasympathetic dominance becomes smaller over consecutive NREM episodes, when SWA declines. These and similar observations by others are in accordance with the notion that high levels of SWA are associated with parasympathetic dominance.
Comparison of the two genotypes, however, revealed that the time course of SWA and sympathovagal balance can dissociate. In the first NREM episode of baseline sleep, SWA was higher in PER3 5/5 individuals compared with PER3 4/4 individuals, but the syampathovagal balance indicated less parasympathetic dominance in PER3 5/5 than PER3 4/4 individuals. This dissociation between SWA and sympathovagal balance became even more pronounced in the subsequent NREM episode, during which SWA no longer differed between the genotypes. Whereas in PER3 4/4 individuals sympathovagal balance continued to shift toward parasympathetic dominance after the transition from REM sleep to NREM sleep, this shift was not observed in PER3 5/5 individuals. The analysis of recovery sleep provided further evidence of the dissociation between SWA and sympathovagal balance. While SWA was enhanced, the parasympathetic contribution was not, and the NREM-REM cycle-dependent modulation of the sympathovagal balance was diminished during recovery sleep. In fact, our data indicate that during recovery sleep after sleep deprivation, parasympathetic indexes decrease and sympathetic predominance increases. This indicates that from an autonomic control of the heart perspective, recovery sleep appears not to have the characteristics of restorative sleep, i.e., low sympathetic predominance.
The sleep deprivation-induced sympathovagal phenotype is similar to that observed in PER3 (55) . In summary, these data show that the PER3 polymorphism affects the sympathovagal balance during baseline sleep and recovery sleep in a direction similar to the effects of sleep loss.
Whereas previous studies have indicated that when SWA increases, parasympathetic activity increases, as indexed by a decrease in the LF/(LF ϩ HF) ratio (7), the present study shows that these two variables can dissociate. For example, after sleep deprivation, SWA is enhanced, but the LF/(LF ϩ HF) ratio was also enhanced. Furthermore, this dissociation was also observed when comparing the two polymorphisms. PER3 5/5 individuals displayed greater SWA during the baseline night and a greater LF/(LF ϩ HF) ratio compared with PER3 4/4 individuals. Hence, it can be assumed that the time course of SWA and the autonomic nervous system exhibit an ultradian rhythm with similar phases, although not all aspects of these EEG and autonomic variables are under the same central control.
Numerous studies have shown a circadian pattern of the risk for cardiovascular disorders, with a morning increase in all major cardiovascular events, predominantly between 06:00 and 12:00 hours (20, 38, 54) . Furthermore, it has been postulated that the nocturnal peak incidence of myocardial infarction might be triggered by changes in autonomic nervous control of the cardiovascular system around the clock. In this study, the PER3 polymorphism affected the sympathovagal balance during normal day and night activities with a similar pattern to that induced by sleep deprivation, which, in turn, is habitually associated with an increased cardiovascular risk. Given the well-known associations among HRV indexes, mortality, and cardiovascular events, together with the epidemiological evidence for a link between short sleep duration and cardiovascular events (21) , the data suggest an important role for this PER3 polymorphism in the overall control of autonomic balance during sleep and wake cycles.
The PER3 VNTR polymorphism has been linked with many distinctive phenotypes, including diurnal preference and delayed sleep phase syndrome (1, 42) , an increased risk of breast cancer (61), bipolar disorder (39), drug dependence (62), sleep structure (55), and cognitive performance (22) . Of course, caution should be exercised when affirming a direct role for PER3 in the control of autonomic balance, and we cannot rule out the possibility that the VNTR polymorphism is a genetic marker that is linked to another locus responsible for these phenotypes. However, the PER3 VNTR polymorphism is not an single-nucleotide polymorphism marker but a variation in four or five repeats of a 54-nucleotide sequence, which creates an 18-amino acid difference in the protein. The VNTR repeats contain clusters of predicted casein kinase-1⑀ phosphorylation sites, which are known to affect circadian period (4) . Hence, we hypothesize that a variation in these repeats could affect phosphorylation of PER3, in addition to differences that will occur at the tertiary structural level. Therefore, we would expect these significant structural differences to impact on PER3 function and be related, either directly or indirectly, to the phenotype that we observed. Taken together, it is interesting to hypothesize that the PER3 polymorphism can represent an important clinical factor linked to an augmented cardiovascular risk and may provide novel approaches for research and preventive therapy.
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